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Unit 11 


THEOREM 11.1.1 


Prove that in a parallelogram: 
(i) Opposite sides are congruent 
(ii) | Opposite angles are congruent. 
(iii) | The diagonals bisect each other. 


Solution: 


Given: 
In a quadrilateral ABCD, 
BC | AD, DC | AB and the diagonals AC, BD bisect 


each other at point O. 


To Prove: 

(i) AD =B, AB = DC 

(ii) <ZBAD = ZBCD, ZABC = ZADC 
OA = 0C 


(iii) OB =OD, 


Construction: 
In the figure as shown, name the angles as: 


21,22,23,24,25, 26 
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Proof: 


' Reasons 


(i) In AABD — ACDB ` 
£4221 
BD = BD 


Alternate angles 


Common 
22 = £3 Alternate angles 
~ AABD = ACDB A.S.A. = A.S.A 


S AB = DC = AD = BC Corresponding sides of 
congruent triangles 
Corresponding angles of 
congruent triangles 


And ZA=ZC 


(ii) InAADB «> ACDB 


— Proved 
TTE Proved 
mZ1-* mz -mZz4-^mZz3  |From (a) and ( 
ZADC = ZABC - 
Similarly ¿BAD = ZBCD 
(iii) n ABOC > ADOA 


Vertical angles 
Proved 
A.A.S. € A.A.S. 

Corresponding sides of 
congruent triangles 


OC = OA, OB = OD 


. Q1. ‘One angle of a parallelogram is 130°. Find the 
measures of its remaining angles. 


Solution: 
In parallelogram ABCD 
mzB = 130° 
2D = zB 
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THEOREM 11.1.2 


Prove that if two opposite sides of a quadrilateral 
are congruent and parallel, it is a parallelogram 
Solution: 


D 
E. 


Given: 


In a quadrilateral ABCD 


AB | DC and AB = DC 
To Prove: 


Join ilo point: B ChENI in the figure name the angles 
as: d ee 23, ‘and “4 


BD = BD 
p" 


Common 
AABD = ACDB S.A.S postulate 
and 24 2 423 ..... (i) corresponding angles of 
congruent triangles 
AD I BC (ii) {From (i) 
and ADWDC  ..... (iii) ^|Given 


Thus ABCD is a parallelogram |From (ii) and (iii) 
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Reasons 


Proof: 
` Statements 


in AABD —— ACBD 


= CB Given 
= CD Given 
BD = DB Common 
~ AABD = ACDB S.S.S = S.S.S. 
£22 TA (i) Corresponding angles of | 


congruent triangles 
(i) alternate angles 


(ii) alternate angles 


and 24 = 23 


Hence AB || DC 
And BCI AD 
Hence ABCD is a 
parallelogram. NJ 


THEOREM 11.1.3 


The line segment that joins the 'mid- -points of 
two sides of a triangle is parallel to the third side and is 


equal to ones ofii length. 


B o C 


Solution: 
Given: 
In. AABC, 
respectively. 
To Prove: 
LM | BC and mLM =} mBC 
Construction: 
Join L'to M and produce ML to N such that ML = LN. 
Join N to B and in ihe figure, name the angles as: 21,22 and 


the mid-points of AB and AC are L and M 


Z3 
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Proof. —— 
| Statements 


in ABLN — AALM 


Reasons 


Construction 
S.A.S postulate 
Corresponding angles of 
congruent triangles 
rr i Corresponding sides of 
congruent triangles 
From (i) 
MC ...... M is mid-point of AC 
— Given 

EMO 022 (v) [From (ii)and(iv) — — 
BCMN is ajFrom (ili)and(v)  « ALY, 
parallelogram ye 7 
BC WLM or BCWNL 


ABLN = AALM 
and ZA= 23 


BC = MN 


Qi. Prove that the line-segments joining the mid- 
points of the opposite sides of a quadrilateral 
bisect each other. 

Solution: 

uin quadrilateral ABCD, P, Q, R, S are the mid-points of 

the sides PR and QS are joined, they meet at O. 
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Q3. Prove that the line-segment passing through the 
mid-points of one side and parallel to another 
side of a triangle also bisect the third side. 

Solution: 

Given: 

_In AABC, D is mid-point 
of AB DE |] BC 

To prove: 

EA = EC 

Construction: B F E 

Take EF || AB 


regt 

|......)tatements _ ....Reasos &«—  . 
DE I| BF Given 
EF || BD Construction uv 


| 
| 


| -~ DBEF is a parallelogram. FP. 
| EF = DB (i) Opposite sides => 
AD = DB (ii) Given. <, 
EF = AD (i) | Sx 9 
£5 z 4B a Sy A] From (i) and (ii) 


andz2z2B . VS _** | corresponding angles 


From (iv) 
Corresponding angle 
From (iii) 

A.A.S = AAS. 
Corresponding sides 


Hence AADE = AEFC 
~ EA = EC 


THEOREM 11.1.4 _ 


The medians of a triangle are concurrent and 
their point of concurrency is the point of trisection of 
each median. 

Solution: 


Given: 
ABC is a triangle 
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To Prove: 

The medians of 
the AABC are concurrent 
and the point of 
concurrency is the point of 
trisection of each median. 
Construction: 

m Draw two medians 
BE and CF of the A ABC . S 
which intersect each other H 
at point G. Join A to G and 


produce it to point H such that AG = GH. Join H to the points B 


and C. D is the intersecting point of AH and BC. 
Proof: 


Statements 


CH ......... i) | reg sat 

Similarly CF i BH p (i) vi | | 
BHCG Sa parallelogram 

ang X n GD, x m GH ..... (iii) 


From (i) and (ii) 


Diagonals BC and GH of a 
parallelogram BHCG 
intersect each other at 
point D. 


AD is a median of A ABC 
Medians AD, BE and CF pass 


G is the intersecting point 


through point G of BE and CF and AD di 
. through it 
GH = AG i Construction 
Now GH= AG .... (iv) nstructio | 
m GD z im AG From (iii) and (iv) | 
-È | | 
and G is the point of 
trisection of AD ......... (v) 
'Similarly it can be proved that | 
G is also the point of trisection" ' | 
lof CFandBE — | 
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To prove: 


G is the point of concurrency of the mediahs of AABC 
and APQR. 


Proof: 


Statements 
PR I| BC 

PR || BQ 
Similarly QR || BP 
-. PBQR is a parallelogram. 
| Its diagonal BR and PQ 
| bisect each other at T | 
| i.e. T is mid-point of PQ. 

| Similarly U is mid-point of 
| QR and S is mid-point of | 


P, R are mid-points of AB, 
AC. 


"72 


ü PU, QS, RT are medians 
of APQR 

(i) AQ and 5Q pass throug 
G o 


À 


. 
— 


| (ii) BR and TR pass-tfirough. 


| (iii) CP and UP pass through 
Hence G is point of 
concurrency of medians of 
AAGC and APQR. 


If three or more parallel lines make segments 
congruent on one transversal, they also make 
congruent segments on any other transversal. 

Solution: 
Given: u 

AB 1 CD WEF 
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LX intersects AB, CD and EF at the points M, N and P 
respectively, such that MN = NP .QY intersects them at points 
R,S and T respectively. 
To Prove: 

RS = ST 
Construction: 

From R, draw 
RU || LX , which meets 
CD at U. From S, draw 
SV || LX which meets EF 
at V and according to the 
figure the names of the 
angles are <1, 22, 23 and 


Given 
- |From (i), (iii) and (iii) 
Each one I| LX 


(construction) 
Corresponding angles 


Corresponding angles 


A RUS = A SVT 


Ani RS = ST Corresponding sides of 


-jcongruent triangles _ 
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Proof: 


' Reasons 


(i) In AABD — ACDB ` 
£4221 
BD = BD 


Alternate angles 


Common 
22 = £3 Alternate angles 
~ AABD = ACDB A.S.A. = A.S.A 


S AB = DC = AD = BC Corresponding sides of 
congruent triangles 
Corresponding angles of 
congruent triangles 


And ZA=ZC 


(ii) InAADB «> ACDB 


— Proved 
TTE Proved 
mZ1-* mz -mZz4-^mZz3  |From (a) and ( 
ZADC = ZABC - 
Similarly ¿BAD = ZBCD 
(iii) n ABOC > ADOA 


Vertical angles 
Proved 
A.A.S. € A.A.S. 

Corresponding sides of 
congruent triangles 


OC = OA, OB = OD 


. Q1. ‘One angle of a parallelogram is 130°. Find the 
measures of its remaining angles. 


Solution: 
In parallelogram ABCD 
mzB = 130° 
2D = zB 
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D. C 


A 204: 
Opposite angles of a parallelogram 
y mzD = mzB = 130° 
mzB * mzA = 180° 
130° + mzA = 180* 
m<A = 180° — 130? = 50° 
mzC =mZA=50° / 
So unknown angles of paralletogram are 130°, 50? and 
Q2. One exterior angle formed on producing one side 
of a parallelogram is 40?. 
Solution: 5 


; B 
ABD S a parallelogram mzCBL = 40° 
Ax mzABC + 40° = 180° 
ABL is a straight line 7 
mZABC = 180? — 40° = 140° 
mzD = mzABC = 140° 
Opposite angles of a parallelogram 
mzD + mzC = 180° 
140° + mzC = 180° 
méC = 180° — 140° = 40° 
mZA = mzC = 40? 
Opposite angles of parallelogram 
So the measures of interior angles of the parallelogram 
are 140°, 40°, 140? and 40°. 
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Q1.a) Prove that a quadrilateral is a parallelogram if its 
(a) Opposite angles are congruent. 
(b)  Diagonals bisect each other. 
Solution: 
(a) Opposite angles are congruent. 


Given: 

In quadrilateral ABCD 
m ZA - mzC, 
m zB » mzD 

To prove: B 
ABCD is a parallelogram 

Proof: 


Statements 

mZA=mzC (i) 

m ZB » mzD (ii) Va 

mzA * mzB * mz C. + [Aries ot guadniaisral 

mzD= 360° x 

mzA * mzB 

m zB 23609 “= 

2m ZA "a 2m zB = 360 
zm ZA * m zB = 180 
x AD i BC 


Similarly it can be proved 


that AB J| CD 
Hence ABCD is a 
parallelogram. 


(b)  Diagonals bisect each other. 


Solution: 
Given: 


^m MS + Eon (i) and (ii) 


Lj 


Sum of internal angles 


In quadrilateral ABCD, diagonals AC and BD bisect each 
other. i.e. OA = OC, OB = OD 


To prove: 
ABCD is a parallelogram 
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B 
Proof: 
Statements Reasons 

In AABO ——25 ACDO 
OA = OC Given 

| OB = OD Given | 
ZAOB = ¿COD Vertical opposite angles | 
- AAOB = ¿COD SAS=SAS. | 
21222 | 


Corresponding angles of 
congruent triangles \ 
Hence AB || OC (i) 41 = 22 
By taking A's AOD and 
BOC we can prove that 
AD i BC (ii) 
Hence ABCD 
parallelogram. : , 
Prove that a 


is sa | From (i) and (i) 
quadrilateral is a parallelogram if its 
opposite sides are congruent. 


D C 


A B 

Given: 

In quadrilateral ABCD — — — 

AB x DC and D = BC 
To prove: 

ABCD is a parallelogram 
Construction: 

Join B to D 
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Reasons 


Proof: 
` Statements 


in AABD —— ACBD 


= CB Given 
= CD Given 
BD = DB Common 
~ AABD = ACDB S.S.S = S.S.S. 
£22 TA (i) Corresponding angles of | 


congruent triangles 
(i) alternate angles 


(ii) alternate angles 


and 24 = 23 


Hence AB || DC 
And BCI AD 
Hence ABCD is a 
parallelogram. NJ 


THEOREM 11.1.3 


The line segment that joins the 'mid- -points of 
two sides of a triangle is parallel to the third side and is 


equal to ones ofii length. 


B o C 


Solution: 
Given: 
In. AABC, 
respectively. 
To Prove: 
LM | BC and mLM =} mBC 
Construction: 
Join L'to M and produce ML to N such that ML = LN. 
Join N to B and in ihe figure, name the angles as: 21,22 and 


the mid-points of AB and AC are L and M 


Z3 
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Proof. —— 
| Statements 


in ABLN — AALM 


Reasons 


Construction 
S.A.S postulate 
Corresponding angles of 
congruent triangles 
rr i Corresponding sides of 
congruent triangles 
From (i) 
MC ...... M is mid-point of AC 
— Given 

EMO 022 (v) [From (ii)and(iv) — — 
BCMN is ajFrom (ili)and(v)  « ALY, 
parallelogram ye 7 
BC WLM or BCWNL 


ABLN = AALM 
and ZA= 23 


BC = MN 


Qi. Prove that the line-segments joining the mid- 
points of the opposite sides of a quadrilateral 
bisect each other. 

Solution: 

uin quadrilateral ABCD, P, Q, R, S are the mid-points of 

the sides PR and QS are joined, they meet at O. 
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Construction: 
Join P, Q, R, S in order. Join A to C. 
C 


in AADC, S, P are mid- 
points of AD, DC. 


From (ii) and (iv) 


AC (vi) 


and X 
aP is a parallelogram | From (v) and (vi) 
Now PR and SQ diagonals 
of parallelogram PQRS 
intersect at O 
OP = OR Diagonals of a 
parallelogram bisect each 


And 0S = 0Q other 
Q2. Prove that the line-segments joining the mid- 
points of the opposite sides of a rectangle are 
the right-bisectors of each other. 
Solution: 


Given:. 
In rectangle ABCD, P, Q, R, S are mid-point of the sides 


P is joined to R, Q is joined to S. PR and QS intersect at O. 
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BeE<I 


P 
To prove: 


PR and QS are right bisectors of each other. 
Construction: 


Join P, Q, R, S in order. Join A to C and B to D. 


Proof: a 
! Statements | Reason w 
El (i) In AADC, S, R | 
: | 
mSR = : mAC (ii) are mid- 
: and PQ Il AC (iii) 
" From (i) and (iii) 
mPQ = zmAC S 
- SR 3^ | (v) From (ii) and (iv) 
-'mPQ (vi) 
QRS is a parallelogram | From (v) and (vi) 
mAC = mBD Diagonals of a rectangle 
ImAC = =mBD 
| ge ees | 
! mPQ = mQR _ = 
| . mPQ = mQR = mRS = mSP 
|t PQRS is a rhombus. 
PR and QS are diagonals of 


rhombus PQRS. | 
PR and QS are right | Diagonals of a rhombus are | 
| bisectors of each other. | right bisector of each other. | 
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Q3. Prove that the line-segment passing through the 
mid-points of one side and parallel to another 
side of a triangle also bisect the third side. 

Solution: 

Given: 

_In AABC, D is mid-point 
of AB DE |] BC 

To prove: 

EA = EC 

Construction: B F E 

Take EF || AB 


regt 

|......)tatements _ ....Reasos &«—  . 
DE I| BF Given 
EF || BD Construction uv 


| 
| 


| -~ DBEF is a parallelogram. FP. 
| EF = DB (i) Opposite sides => 
AD = DB (ii) Given. <, 
EF = AD (i) | Sx 9 
£5 z 4B a Sy A] From (i) and (ii) 


andz2z2B . VS _** | corresponding angles 


From (iv) 
Corresponding angle 
From (iii) 

A.A.S = AAS. 
Corresponding sides 


Hence AADE = AEFC 
~ EA = EC 


THEOREM 11.1.4 _ 


The medians of a triangle are concurrent and 
their point of concurrency is the point of trisection of 
each median. 

Solution: 


Given: 
ABC is a triangle 
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EXERCISE 11.4 


The distance of the point of concurrency of the 
medians of a triangle from its vertices are respectively 
1.2 cm, 1.4 cm and 1.6 cm. Find the lengths of its 


medians. 
Solution: 


A 
: P i n vA 
Let ABC be triangle with the point of concu rency of 


medians at G. 


m AG = 1.2 crh, m BG = 1.4 cm and mc 


m(AP) = 2 (mAG) = 2 1.2 z9.8 c 
mBQ == (mBG) =2 <4 = 2.1 cm 


CR ANN 
mCR "d (mCG)}= 2 X1.6 = 2.4 cm 


Q2. Prove’ that the point of concurrency of the 

medians of a triangle and the triangle which is 

^' made by joining the mid-points of its sides is the 

| same. 
Solution: 


N 


Given: 
In triangle ABC. CP, AQ, BR are medians, with meet at 


G. APQR is formed by joining the mid points P, Q, R. 
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To prove: 


G is the point of concurrency of the mediahs of AABC 
and APQR. 


Proof: 


Statements 
PR I| BC 

PR || BQ 
Similarly QR || BP 
-. PBQR is a parallelogram. 
| Its diagonal BR and PQ 
| bisect each other at T | 
| i.e. T is mid-point of PQ. 

| Similarly U is mid-point of 
| QR and S is mid-point of | 


P, R are mid-points of AB, 
AC. 


"72 


ü PU, QS, RT are medians 
of APQR 

(i) AQ and 5Q pass throug 
G o 


À 


. 
— 


| (ii) BR and TR pass-tfirough. 


| (iii) CP and UP pass through 
Hence G is point of 
concurrency of medians of 
AAGC and APQR. 


If three or more parallel lines make segments 
congruent on one transversal, they also make 
congruent segments on any other transversal. 

Solution: 
Given: u 

AB 1 CD WEF 
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EXERCISE .11.5 


Q1. In the’ given figure, i BY a CZ à DU i £V and 


AB = BC = CD = DE. If mMN = 1 cm, then find the 
length of LN and LQ.. 
Solution: 


mLQ - 
= tem emt cm + 1 cm = =4com 
Q2. Take,a, line Segment of length 5.5 cm and divide 
it. into fir ive congruent parts. 
Solution: - 


"YN ^. 


A C D E F B 
Construction: 


(1) Draw a line segment AB of length 5 cm. 

(ii) | Draw an acute angle 2BAX. 

(iii) | On AX with the help of compass take five points P, Q, 
R, S, T such that AP = PQ = QR = RS = ST. 
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(iv) Join T to B. . 
(v) Draw lines SF, RE, QD, PC parallel to TB. E 
The points C, D, E, F divide the line segment AB into 


five congruent parts. 


REVIEW EXERCISE 11 


Q1. Fill in the blanks. 


(i) In a parallelogram opposite sides are .......... 

(ii) ^ Ina parallelogram opposite angles are .......... 

(iii) X Diagonals of a parallelogram .......... each other at a 
point. 


(iv) Medians of a triangle are .......... 

(v) Diagonals of a parallelogram divides the paralielgaram 
into two .......... triangles. A 

Answers: 

(i) parallel/congruent 

(iii) intersect 

(v) congruent 

Q2. In paralielog a ABCD 


(i) mAB ....m 
(iii) mz1x 


Answers: 
(i) = (ii) = 
(iii) | mz3 (iv) mz1 
Q3. Find the unknowns in the given figure. 
Solution: 
n? = 75° opposite angles are congruent 
n=75 
y? = n° Alternate angles 
y° = n° = 75° 
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(iv) Join T to B. . 
(v) Draw lines SF, RE, QD, PC parallel to TB. E 
The points C, D, E, F divide the line segment AB into 


five congruent parts. 


REVIEW EXERCISE 11 


Q1. Fill in the blanks. 


(i) In a parallelogram opposite sides are .......... 

(ii) ^ Ina parallelogram opposite angles are .......... 

(iii) X Diagonals of a parallelogram .......... each other at a 
point. 


(iv) Medians of a triangle are .......... 

(v) Diagonals of a parallelogram divides the paralielgaram 
into two .......... triangles. A 

Answers: 

(i) parallel/congruent 

(iii) intersect 

(v) congruent 

Q2. In paralielog a ABCD 


(i) mAB ....m 
(iii) mz1x 


Answers: 
(i) = (ii) = 
(iii) | mz3 (iv) mz1 
Q3. Find the unknowns in the given figure. 
Solution: 
n? = 75° opposite angles are congruent 
n=75 
y? = n° Alternate angles 
y° = n° = 75° 


SEDINFO.NET 


StudyNowPk.COM 


x° + y? = 180° Supplementary angles 
x + y = 180 
x + 75 = 180 
x = 180 - 75 = 105 
m° = x° opposite angles 
m; =x= 105 
= 105° 
Q4. if the given figure ABCD is a eee a 


find x, m. p ve d 


Solution: 


(5m + 10)? + 55° =.180° 
Sum of interior angles of || lines 
5m + 10 +55 = 180 
5m + 65 = 180 

‘or m= = 23° 

Q5. The given ap LMNP is a parallelogram. Find 
the value of m, n 


t 


Solution: 
As opposite sides of a parallelogram are congruent 
8m - 4n- 8 

or 2m -n22 (i) 

and 4m+n=10 (ii) 
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Adding (i) and (ii) 

6m = 12 P 8 N 
or m=2 

Putting m = 2 in (i) 4m+n 
we have 

2(2)-n=2 


4-n:=2 L 8m-4n M 
or -n=-2 -> or n=2 
: m=2,n=2 


Q6. Inthe question 5, sum of the opposite angles of 
the parallelogram is 110°, find the remaining 
angles. 

Solution: 

Opposite angles of a parallelogram are congruent 
ZLz 4N 

But it is given that 
mzL + mzN = 110 


2(mzL) « 110 

mzL = 55 

mzL = mzN = 55? 

mzL + mzP.= 18( * 


"NOS 
; Sum of interior'angles between paraliel lines 


- 180* 
* - 55? - 125? 
ngles of the parallelogram are 
55°, 125°, 55° and 125? 
mz M = mz P = 725° 
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